Purpose: Pedicle screw fixation of osteoporotic bone in the elderly is a challenge. Various augmentation methods have been studied by many authors. Although polymethylmethacrylate (PMMA) augmentation is believed to be a standard method, its usage is fraught with complications. Butyl-2-cyanoacrylate is an alternative to PMMA as it is bioresorbable, biocompatible, inexpensive, and noninfective. The objective of the current study was to determine the pullout strength of the pedicle screws when butyl-2-cyanoacrylate is used for augmentation.
Conclusions:
The results of this study show that butyl-2-cyanoacrylate has no contribution to the augmentation of pedicle screw fixation in a calf model when compared with native bone or PMMA augmentation. Further studies are required to evaluate the effectiveness of butyl-2-cyanoacrylate in osteoporotic specimens and under cyclic loading in calf vertebra and animal and cadaver models before dispensing with its utility as an augmentation method in the clinical setting.
Key Words: butyl-2-cyanoacrylate, pedicle screw, pullout strength, screw augmentation (J Spinal Disord Tech 2005;18:511-514) P edicle screw fixation of the thoracic and lumbar spine has gained popularity over the last decade. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] The innovations achieved in the field of spinal surgery as well as increases in aging populations have resulted in greater numbers of older patients undergoing surgical treatment of their spinal disorders. 8, 12 Fixation in these often osteoporotic bones is full of complications, loss of fixation being the major one. 1, 8 Use of longer and bigger screws, expandable screws, bone shims, tapped and untapped screw holes, conical shaped screws, supplementary plates, calcium sulfate paste, carbonated apatite cement, and polymethylmethacrylate (PMMA) are the methods used to enhance screw fixation. [7] [8] [9] 12 Although it is considered the gold standard in terms of fixation strength, the exothermic reaction as PMMA hardens is undesirable around the close vicinity of neural elements, especially when it extrudes the cortex of the bony structures. 8, 13 Butyl-2-cyanoacrylate is an easily applied, bioresorbable, biocompatible, inexpensive, and noninfective polymeric adhesive. It has been used experimentally and clinically as a tissue adhesive and hemostatic and embolic agent. It also provides rigid fixation, emerging as an alternative to conventional fixation systems. [14] [15] [16] [17] [18] Its effectiveness in the fixation of surgically created osteotomies was proved. 15 It was also demonstrated that rigid internal fixation of osteotomized cranial bones using biodegradable plates and butyl-2-cyanoacrylate was as effective as metal plate and screw fixation. 14 Although pure pullout is not the pattern of failure in clinical situations, it provides a notion about the strength of screw fixation. As far as we are acquainted with the literature, there is no study regarding the cyanoacrylate augmentation of pedicle screw fixation. In our study, we aimed to determine by pullout testing if cyanoacrylate afforded any pedicle screw augmentation.
MATERIALS AND METHODS
Twenty-four fresh calf lumbar vertebrae were obtained from male calves weighing 100-120 kg. The vertebrae were cleaned of all soft tissues, and radiographs taken in the coronal and lateral views were employed to detect any vertebral deformity. Vertebrae with any pathology were excluded from the study. Bone mineral densities were determined using dualenergy radiograph absorptiometry (Norland XR-46, Wiborn Medical, Kernersville, NC, U.S.A.). The inner cortical diameter of the pedicles was measured; their ratio to the screw thread diameter was calculated. The specimens were then stored at 220°C after harvesting and were thawed and prepared for pedicle screw fixation.
The pilot hole was made using a 3.2 drill at the junction of the transverse process, inferior margin of the superior facet, and pars interarticularis. The hole was checked with a probe, and each hole was tapped with a tap of 4.5 mm prior to insertion of pedicle screws. The cylindrical screws (Alici Spinal System, Hipokrat AS, Turkey) had thread and root diameters of 5 and 3 mm, respectively; the distance between the threads was 2.6 mm, and the number of threads was 12 ( Fig. 1) .
Screws in each group were inserted by hand using a ratcheted screwdriver until the hub of the screw was firmly seated against the posterior cortex. Attention was paid to placing the rod channel parallel to the weight-bearing axis of the vertebra. The pedicle margins were inspected, and misplaced or misaligned screws or pedicle fractures were excluded from the study. Four vertebrae with cortical disruption during pedicle screw insertion and two vertebrae with pathologic changes were excluded from the study. Six vertebrae were randomly allocated to each group: group 1: native (no augmentation); group 2: cyanoacrylate augmentation; group 3: PMMA augmentation.
In addressing group 2, butyl-2-cyanoacrylate (Histoacryl; Braun, Melsungen, Germany) was injected in liquid gel form into each prepared pedicle as minute droplets until the whole volume of the pedicle was filled. The screws were then inserted, adhering to the technical details given above.
Finally, in the last group, bone cement (Surgical Simplex P Bone Cement; Stryker, Howmedica, Osteonics, Rutherford, NJ, U.S.A.), was mixed for 60 seconds; after a 4-minute period of setting, it was injected into the pedicle. The screws were inserted as described for the native bone. Both PMMA and butyl-2-cyanoacrylate were allowed to cure 24 hours before pullout testing.
The testing was performed with an Instron 4411 universal testing machine (Jena, Germany) (Fig. 2) . The upper jaw was used to grasp the screw head. The lower jaw was modified, and a mechanism permitting transposition in two planes was designed and mounted. This system had three components. Component 1 was composed of parallel constricting jaws with a rough surface to prevent movement when the vertebra was grasped. Piece 1 had the flexibility to be placed on any point on the x axis by being moved in the canal made in piece 2. Compression in piece 1 was achieved by turning the moment arm with a torque meter, thus applying the same pressure on the surface of each specimen. The upper and lower surfaces of each vertebra were cut with a circular saw, rendering surfaces parallel to the clasping jaws. Piece 2 could be positioned on the y axis by being moved in the canal made on piece 3. Maneuvers made in both x and y axes enabled positioning of the pedicle screw in a plane suitable for pullout testing, which was perpendicular to the floor (z axis). A load cell of 5 kN was selected. The software of the instrument displayed the load directly by the signals received via the load cell.
The upper jaw was pulled upward with a velocity of 5 mm/min. During the pullout testing, sampling was performed by obtaining 20 points/s. Failure was defined as the inflection point on the curve.
Statistical analysis was performed using the SPSS 9.0 for Windows program (Chicago, IL). Paired samples t test was used, and P , 0.05 was considered significant.
RESULTS
The mean ratio of screw thread diameter to the inner cortical diameter of the pedicle was 1.2. The difference in the ratios was found to be statistically insignificant P = 0.37. The mean bone mineral density of the vertebrae was 1.6 6 0.1 g/cm 2 . There was no statistically significant difference in bone mineral density between the three groups (P = 0.77). During the pullout testing, there was no loosening of the specimens.
The pullout strengths of the groups are depicted in Table  1 . The mean pullout strengths were1.55 6 0.23 kN for group 1, 1.62 6 0.42 kN for group 2, and 2.55 6 0.22 kN for group 3. There was no statistically significant difference between butyl-2-cyanoacrylate augmentation and the native bone. PMMA augmentation increased the pullout strength significantly when compared with butyl-2-cyanoacrylate augmentation and native bone (P = 0.002 and P = 0.001, respectively).
DISCUSSION
The superiority of pedicle screw fixation is directly correlated with the ability of the screw to gain and keep purchase of cancellous bone until fusion mass is attained. Pedicle fixation is also a function of screw thread diameter relative to the inner cortical diameter of the pedicle. 2, 12 Osteoporosis has been incriminated as a major factor in screw loosening and instrumentation failure, thus presenting an orthopedic challenge. Various techniques have been innovated to augment pedicle screw fixation, but their acceptance has been slow. 1, 3, 7, 9, 12 PMMA has a historical place as the initial method of screw augmentation. Many studies have demonstrated its effect in increasing the pullout strength. However, its use is restricted owing to serious complications linked to its application.
8,9, 13 Sturup et al 19 demonstrated the toxicity of PMMA on tibial bone. Wilkes et al 20 reported on a case of neurologic complication due to the leakage of PMMA into the spinal canal. Leakage of butyl-2-cyanoacrylate was not observed in our study.
In evaluating screw shape in the calf vertebra model, Esenkaya et al 3 reported that pedicle screws with expandable distal tips exerted pressure on the surrounding bone, enabled considerable contact, and increased screw-bone interface application. Cook et al 12 showed that expandable pedicle screws could be efficacious in fixation of osteoporotic bone. Sar et al 10 showed that a larger-diameter screw increased pullout strength more than augmentation with cement. They also remarked that pullout strength of screws was enhanced when screws were inserted after drilling and tapping. On the other hand, Brantley et al 2 stated that screw size had little or no effect on fixation stiffness in osteoporotic bone. Hirano et al 6 also supported this conclusion and showed that a larger screw would not enhance screw stability and might break the pedicle in osteoporotic bone. In our experimental study, breakage of the pedicle was not observed.
Law et al 7 reported that augmentation of the screw using a bushing to bypass the pedicle cancellous bone and transfer load directly to the cortex did not reveal a satisfactory outcome. They also demonstrated that augmentation by a plate mounted on the posterior cortex of the pedicle reduced screw toggle.
Abshire et al 1 stated that conical screws provided better fixation as compared with cylindrical screws of the same size and thread design. Lotz et al 8 noted that augmentation with carbonated apatite cancellous bone cement could enhance immediate screw fixation. Seeking a biocompatible augmentation material, Rohmiller et al 9 demonstrated that calcium sulfate paste showed strength similar to PMMA without the major risks to the spinal cord.
In the search for a better augmentation method, the contribution of butyl-2-cyanoacrylate was assessed in our study. Butyl-2-cyanoacrylate is an easily applied, bioresorbable, biocompatible, inexpensive, and noninfective polymeric adhesive that provides rigid fixation. [14] [15] [16] [17] [18] These characteristics make it a compound that can be safely used around the spinal canal. Although the best spinal model is the cadaver vertebra, acquiring it is laden with difficulties. Thus, different spinal models are used, such as rabbit, sheep, calf, and plastic vertebrae. Among these, the calf vertebra model is an acceptable alternative with regard to its availability and resemblance to the human vertebra. 3, 4, 10 The distinct characteristics of the calf allowed us to use it in our study. Improvement to our study would be to display the contribution of cyanoacrylate and PMMA to augmentation under cyclic loading.
In conclusion, our study investigated a new compound and determined its utility by axial pullout testing. Butyl-2-cyanoacrylate had no statistically significant contribution to the augmentation of pedicle screw fixation in a calf vertebra model compared with native bone or PMMA augmentation, later providing the maximum augmentation. We believe that in future studies, comparison of butyl-2-cyanoacrylate and PMMA in an osteoporotic specimen should be performed along with testing of the effectiveness of butyl-2-cyanoacrylate under cyclic loading in calf vertebra, animal, and cadaver models before dispensing with the employment of this technique in the clinical realm. 
